Eighty-five patients with accelerated (preinfarction) angina are reported. Six suffered acute myocardial infarction awaiting catheterization and coronary angiography, so were not studied. Seventy-nine had coronary arteriography and other angiographic and hemodynamic studies. Fifteen of these 79 patients had normal coronary arteriograms; 64 had significant coronary artery obstruction. The clinical manifestations in 64 abnormal patients did not differ from those with normal arteriograms. Hemodynamic abnormalities correlated with the severity of arteriographic abnormalities. Of 70 patients with coronary artery disease, including the six not studied because of infarction, 48 were treated surgically with a mortality of 12.5%. Mortality for those 22 patients treated without surgery was 27%. Mortality could be correlated with certain risk factors: (1) congestive heart failure; (2) more than three-vessel coronary disease; (3) left ventricular end-diastolic pressure > 12 mm Hg; (4) cardiac index < 2.7 liters/min/m2; (5) stroke index <35 ml/beat/m2; (6) estimated cardiac work (mean aortic pressure x cardiac index) <240 units; and (7) ejection fraction <0.50. Cardiac catheterization and angiography were performed without major complications in 97% of patients.
Lted angina pectoris is a clinical syndrome zed by increasing frequency and severity attacks in a patient either with previously gina or without previous angina. The id frequency progress to incapacity, and turnal angina is quite common. The pain sociated with ischemic S-T-and T-wave but ECG changes diagnostic of acute 1 infarction are lacking. The serum lues customarily are normal.
Materials and Methods rial he 21-month period from May, 1970 through 972 the clinical diagnosis of accelerated toris was established in 85 patients, and all uled for cardiac catheterization and coronary y. This group includes virtually all patients this diagnosis during the period of study. .epatients were referred from other hospitals. its were included in the study only after n of the diagnosis by one or more of the any patients referred during this period were ecause their angina pectoris was stable or t pain was atypical and probably of origin. Patients were included in this study s of admission data.
Six patients developed myocardial infarction while awaiting cardiac catheterization and were not studied. One of these individuals died. Cardiac catheterization was performed in 79 patients. Two of 79 patients studied suffered acute myocardial infarction on the way to the laboratory. Seventy-seven patients were still in the preinfarction phase at the onset of catheterization, two of whom progressed to infarction during the procedure. abnormal group and 12 males and three females in the normal group. There was a previous history -of ischemic heart disease in virtually all patients. All patients had a history of-exertional angina pectoris. Thirty of the abnormal group (43%) and four (27%) of the normal group had been treated for a myocardial infarction. The patterns of accelerated angina included pain at rest, pain of increasing intensity, nocturnal angina, diaphoresis, and/or postprandial angina. Virtually all patients had pain at rest or pain of increasing intensity and/or frequency. Nocturnal angina was present in 55% of patients, diaphoresis in 35%, and postprandial angina in 18%.
Methods
The duration of stable angina prior to acceleration averaged approximately 2 years in both groups.
The duration of accelerated angina pectoris averaged 17 days in the abnormal group, ranging from less than 1 day to approximately 3 months. Thirty patients had had an accelerated phase for less than 2 weeks. Duration of accelerated angina was similar in the normal group, averaging 14 days.
There were 22 patients with exertional angina for less than 20 weeks and accelerated angina for less than 2 weeks. Four of these had myocardial infarction before cardiac catheterization could be done and were not studied. Of the remaining 18 patients studied, nine were found to have singlevessel disease. Fourteen of the 18 had completely normal hemodynamics, and 16 of the 18 had no demonstrable collateral coronary artery circulation.
Physical examination did not permit discrimination between patients with abnormal and normal arteriograms. As seen in 4 according to the number of vessels involved. There are no significant differences among groups with three or fewer vessels involved except for a lower ejection fraction in those with three involved compared to those with one (P <0.05). However, the group with more than three-vessel involvement showed evidence of significant hemodynamic abnormalities, namely higher left ventricular enddiastolic pressure, and lower cardiac index, cardiac work, peak left ventricular dp/dt, and ejection fraction. Since right heart pressures, including pulmonary wedge pressure, showed no significant variation between groups, they are not detailed.
Complications of Catheterization
No deaths occurred during the course of the study (table 5 ). The one bout of ventricular fibrillation occurred in one of the two patients who suffered myocardial infarction during catheterization. Both the patients were taken to surgery immediately following the procedure and underwent successful bypass procedures. Two other patients who had infarcted just before catheterization survived study Of 48 patients treated surgically, nine had infarcted during the preoperative period and were operated upon as emergencies. Thirty-nine were still preinfarction at the time of their procedure. Table 6 lists the procedures performed. There was an inverse relationship between the number of vessels with significant obstruction in a patient and the feasibility of total surgical revascularization. With three exceptions, all patients had at least one direct revascularization procedure. In two patients only bilateral internal mammary artery implantation could be performed, and in one patient with severe coronary artery calcification no procedure could be performed. The latter patient survived surgery but died suddenly 2 months later. These three patients are included in the surgical group because they were considered candidates for direct revascularization by all available evidence prior to operation.
Surgical mortality was 10% (four of 39) for those not recently infarcted and 22% (two of nine) for those with preoperative infarction, for a total mortality rate of 12.5%. Mortality correlated with the completeness of myocardial revascularization. Of 18 patients with complete revascularization (bypass to all arteriographically obstructed vessels) only one (5.6%) died, where six of 30 (20%) with incomplete revascularization died.
Myocardial infarction occurred subsequent to surgery in 10 (25%) of 39 patients still preinfarction at the time of operation. This incidence is high, though lower than the infarction rate of 59% for those patients treated without surgery. Again, because of lack of randomization, this comparison is not really accurate.
Late Follow-up There were 41 surgical survivors and 16 medical survivors with follow-up. In the surgical group 24 patients (59%) were angina-free, and an additional 12 had improvement of angina. Angina was the same or worse in five patients, and five had episodes of congestive heart failure. All of the patients with persistent angina and all patients with heart failure had more than three-vessel disease. The medically treated patients fared less well; only three patients were free of angina (19%), and three others showed improvement.
Discussion
Prodromal symptoms often precede acute myocardial infarction, but may not be recognized as such by the patient or physician. Feil, and later Sampson and Eliaser2 3reported that 50% of their patients with acute infarction could recall prodromal symptoms. Others have reported prodromal pain in from 10 to 65% of infarction patients.8 [10] [11] [12] [13] [14] Thus, many patients with myocardial infarction progress through a preinfarction phase of accelerated angina.
Authors describing patients with "preinfarction angina" have reported subsequent myocardial infarction during medical management in 3-93% of patients, and mortality in as many as 73% of patients.28 11 15 Several studies have evaluated anticoagulant therapy in this clinical syndrome and almost without exception patients treated with anticoagulants fared better than did those in control groups.58, 16 Earlier reports can be criticized because definitions of "preinfarction angina" varied from author to author, but particularly because patients were included without arteriographic confirmation. Our definition can be criticized, and we have inadequate controls, but arteriography was perforned and this gives weight to our findings. If 19% of patients with accelerated anginal pain pattern have normal coronary anatomy, earlier studies must have included similar patients with resultant false-low morbidity and mortality rates.
An accelerated anginal pain pattern in patients with normal coronary arteriograms is difficult to explain. One of our 15 "normal" patients suffered a nontransmural myocardial infarction 4 days after study, and another had a form of cardiomyopathy, For ejection fraction, 50% was found to be a significant dividing line. Those patients with an ejection fraction above this figure had an overall mortality of 6.8%, versus a 40% mortality for those patients whose left ventricles ejected less than 50% of their diastolic volumes.
Even more striking is the difference in survival between patients who had at least four abnormal risk factors compared to those with fewer than four risks. It appears that this high-risk group will do very poorly regardless of the form of treatment, and so surgery is probably hopeless (table 8) .
On the other hand, those patients without any of these risks have the best results (no deaths in 18 such patients).
Arteriographically, the presence of obstruction in more than three coronary arteries can be considered a surgical risk factor, in that operative mortality in this group was 40% compared to 5.3% for those with three or fewer involved arteries (P < 0.01).
The medical therapy of our patients was standard, employing nitrates, propranolol, and anticoagulation. Some may contend our medical group was weighted with poor-risk patients since it included patients considered inoperable. Yet, it also included seven patients refusing surgery, and nine other patients could be included who were operable but infarcted awaiting surgery.
A few reports have appeared relating experience with direct revascularization surgery for "impending myocardial infarction."17 22 The follow-up periods for the survivors of hospitalization are obviously too short to permit valid conclusions, but the studies suggest that surgical patients have an improved quality of life in the early postoperative period. Whether this trend will persist will only be known after longer observation of larger numbers of patients. A controlled study must be performed to answer these questions.
